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(54) Metallurgically bondeddiamond- 
metal composite sintered materials 

(57) A metallurgically bonded di- 
amond-metal composite sintered mate- 
rial suitable for lapping comprises a Ni 
and/or Co base, an intermetallic com- 
pound dispersed in the base and di- 
amond powder. Such a material maybe 
made by sintering nickel and/or cobalt 
base in powder form having a mesh 
size of 1 00 mesh or less together with 
the element forming the intermetallic 
compound and the diamond powder at 
a temperature which is below the tem- 
perature at which graphitlzation of the 
diamonds occurs. The element forming 
the intermetallic compound may be 
selected from one or more of Sn, Sb, 
Zn, P, S, Mg, Ti, Mo, Se, Ge, In, Te, V, 
Mb, Ta and B, and the diamond powder 
content may be 0.1 - 10% by weight. 
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SPECIFICABON^'-..' < . v. - • •• . - - • . . ^. ..- 

Metalurgically bonded diamond-metal composite sinteredinaten^^ •. - . ; = : « . . i 

5 The present irtventlon relates tb metaHupsicalty bonded diamond-metal composite sintered materialghVyNich., .^S 

are suitable:forinstaiaGeforiapping«Qftenses,.and'to the production of sucbsrntfired-i^^ - • 

Suoh sintered n5ateriaJs.have.fBcehtly beeonrre widely used .for grinding, esp§piaily.!;appin9» pf ^pectaclepr. - 

optical lensfeSiCoppeMlnbaae alloy diamondrnnetaicompiasite sintered nnaterials in.pairtfjcular h^ye been . j,.. 
' used buitheyhavevery short; tapping Uvea and they suffer f pom the ris^k of a diarngjnd.fetecoming.dlslodged.^ 
10 during lapping, and thus potentially causing serius damage to the surface being lapped. Other base allQy.- .j ;10 

diamond-metal composite sintered materials, sachas those wher^^the base alloy Is of nicKf I, .Qobajtox irp;n/ 

have been proposed but they suffer from the disadvantage that, due to the high meltin.g.i3oint of thaaMoy^.. : 

theycanvonly be adequately sihtered attempenatures above T,Q00?(5v.and yet^UQh tetsjipj^r^tu^esten^jto. ' 

cause Fapfd'graphit4zatfaiY.df th&dlan^onds andcohsequent damage to th&char;act:3rist3csi.qfthe:dianru>nct$i. 
15 In Japanese Paterit4^ppticati©n.159TS3/.1 976 WB have describedh:ow1nfiprovad:siii\te.iied matari^ls,,h^vingj.i5 

both good diamond-holding force apd lapping performance, can be a chieved-by sintering a compositer. . 

formed using^rtlckei. powder of fine, particle size. With this fine particulate nickei powder- sintering cani be 

conducted successfully at a lowtenhperature sucMhatthe diamond does not graphitize, Ho.wever the 

resultant impffoved products: still. a re not entirely satisfactory for lapping because- they b^eppra.e-graduajly . . , 
20 clogged^ahd. their- lapping properties gradually deteriorate durlng..a Jong. run. . ' , r. - vm-* - - ■ . . 
A frtetafturgically bonded diamond-metal xsomposite sintered material aqeordlng-to the invention . ^ - 

comprises a nicl<el and/or cobaltbaaa, anintermetalliacompound disperse(iin tJie.base-a|id.formed by,ttiei.-:-j 

addUion to the dottipd^ite'before sintering of an elemeillcapabie of forming.thBiAtermeta1liGCQm;poun.dr- . - ; . 

with the basfe; and dfamond powder. ' - . ; v...-^ . » • . - 'T 

25 Such a composite i& m^de by mixing the nickel auid/or. cobalt powde^nwith the element that will fornn the,- '?5 

metallic compound and the diamond powder, moulding the mix under pressure, and then sintering.tbern !?<;..:-; 
The rrttermetaillc com pDtxnd' dispersed iri>the base is hardand britjbl^..The«sintered (paterialinptgnl.y-Me.ets 

the knoWn requirementS for lapping o^grindihg,.forinstance-goQd dianaQnd.;hD]diog.forQe, ra^ 

lapping aedUracy/p'r^vefitibnof lapping streaks endlong life; but a [so haslow tenfiency taciog'-dunlng a long: 
30 lapping run and maintains its lapping performance during a long run. Accordin.gly the: sintered material of "30 

the invefttion-ls of Valijein the-grindingsor lapping of matefial5.such.a5 spectacle and opti.caljensest p^JsmB, 

I.e. boards, watch glasses, marbles and so forth. - . 

■ -Theiwaepowder should be sufficiently finethat the sintering temperature c£frt-.be sufficientiy layv to. avoid 

the risk of damaging graphitizatlon of the diamond powder. Generally the nlckel and/of -cobalt powder 
35 shouldbe-IO&rhesh or less in particle size. 'Suitable nickel powderjncludas.carbonyl ;mQkef,:reduced nickel; ^35 

and electrolytlcmckelvvhile suitable cobalt powder includes reduced cobaJt. . - r . . • .. - 
The di'arhond powder is preferably of 1 micron to 40 micron^paitticle size and is geaerally u^epj.Jn an . ^ . • 

amount of 0.1 to 10% by weight of the composite. The diamond powder may be untreated diampnd powder . 

or may-be tiiamond poWde'r whose surface has been coated with, for inetance, nickel, co bait, ;cp pp e r. or tin.- 
40 Preferably it is a commercially available electrgless nickel-pJated diamond powder, The.yse ofsuq^h coated . 40 

diamond powder results in Improved strength of the composite. 
A variety of elements may be used for forming the intermetallic compond with the nickel and/or cobalt.,- 

base. Examples-inciudetihrantimony,2inc,.phosphorus, sulfur, magnesum, titanium,- molybdenum, . 

seleniurh', getaaniUm, indium, t^ellurium,. vanadium; niobium, tantalum, and luoron. The.amount of added ^ 
*45 elemerttfnust be'^sach'fhat'the intermetallic compauhd is formed during sintering and is dispensed uniformly -45 

through tKefrnai'pfoducfandis present in an amount sufficient to give improvement in the lapping . ; 

prbparti^sdf the-sintered ccrm'posite. Theoptlmum amount for each added.elementdepenjds at least in part: 

on ffie^s^ciffc gravity of the elemerjt being added. BrQadiytberefo/e the adde,d elements can be classified . . 

into one of two groups. One group consists of the intermfetallic cohipound forming eJ.amei!itS'iaf hJgheE 
SO specific gravify;- such a's tinv-antlmony; zinc; selenium OTd germanium; aiid,elementS: Qf th|s typp at-e best . * ?0 

add^d in a cfuantity-=of 5 td 40% by weight of the total mix. The other group consists .of the*elernents of lower 

specific '^raVfty, siath aS' phosphorus, sulfur and magnesium and elementsof thistypeareibest added In. 

amodint of 0;2 to 34^o by^ weight of the totat vr\bc. Naturally mlxtures-of elements, from within.each-group or . 

from different groupsmay be used.* " * ■ • ' 
*55 The preferred methijd^t)f making the sintered composite comprises mixing 0.1 to .10% by twetg^^^ .- ,'55 
. micron to 40 micron diamond powder with the at least one element capable of forming the intermetallic 

compound with 100 mesh or less nickel and/or cobalt base powder and then moulding and sintering.the mi>^. 

Asmalfqiiafttity of lAbrrcatlng agent to facilitate moulding may be incjudedl^i the mix/for ijF»stanpezincej . 

stearate or lithTi3m'Sfeat?atie.-M'ouldin'g'is bonductedby press jnoul ding in a mould of#ie desired shape to 
60 obtain a d&mpadt f^hoduct; thfe defisity of ^A'h'ch is:preferably i n the- range 4 to ^.5 g/cc.«The con^pact Is then . - 60 

sintered; prefet'ably:at 600'to 950°C for .1 5- minute&to 1 'houp,.preferably in: a non-^^^ 

asvacuum/hydFdgeh'gaS'/nitrogewgasor.aFgortgds. . : - . - ... . u . -.. ... . 

It Is readily possible to formulate the mix such that sintering occur:&^ttennpepatUFQSjbelQW that at which - 
graphitizatlon of the diamond becomes a serious problem. Firstly the base powder can readily be sufficiently 
65 fine to permit sintering at temperatures of 600 to 950**C. Further, the formation of the intermetallic compound 65 
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formed between the base powder and the additional element occurs during th& heating and reduces the 
sintering temperature needed to achieve a good product. 

Tin, antimony, zinc, phosphorus and.sulfur have the advantage, as intermetadic compound forming 
elements, of relatively low melting points. Therefore these elements melt and disperse even at quite low 
5 temperatures during sintering and co-operate readily with the base powder to form the intermetallic 5 
compounds. After the element has melted dispersed cavities remain in the sintered material and the 
presence of these cavities enhances the removal of shavings formed during the lapping. The volume of the 
cavities can be controlled by regulating the quantity of low melting element present in the mix. However 
higher melting intermetallic compounds can also be used effectively in the Invention and also lower the ' 
TO sintering temperature. 10 

It is particularly preferred for the composite. to be formed using nickel powder as the base powder and tin 
as the intermetallic compoqnd forming element. 

The intermetallic compound ishard and brittle and thus the sintered material also is hard, and the sintered> 
materia! has increased abrasion resistance and improved dtamond^holdlng force. During use for grinding or, 
15 especially, lapping, clogging is minimised owing to the self*dresslng effect of the sintered product durjng a 15 
long run and so the sintered product has Improved lapping force retaining properties. 

During lapping the diamond powder dispersed in the matrix of base metal and intermetallic compound - 
provides the lapping edges that perform lapping. The contact pressure between the sintered material and 
the material to be lapped and the number of lapping edges has a cjose hearing on the lapping efficiency. 
20 When a relatively low load or contact pressure is required, e.g. of 30 to 50 g/cm^ for instance In the lapping. 20 
of prisms or I.C, boards, the quantity of diamond powder is preferably from 0.1 to 1% by weight so that the 
number of lapping edges and thus the pressure or load on each edge is appropriate. In particular it is 
generally preferred that the amount of diamond powder should then be in the range of 0.1 to 0.6% by.weight. 

The invention is now illustrated by some Examples in which reference is made to the accompanying 
25 drawings. In these Figures I to 4 Illustrate the test results in Example 1 , and Figure 5 illustrates those in 25 
Example 2; 

Figure 1 1llustrates the relation between the number of lapped sheets of sintered materials containing tin in 
varied -quantities and the lapping los? of lens wherein the solid line indicates the Ni-0%Sn base sintered 
material, the dash-dot line indicates the Ni-20%Sn base sintered material, and the broken line Indicates the 
30 IMi-30%Sn base sjntered material; 30 

f/^are 2 illustrates the relation between the quantity of tin added and the tapped quantity dropping 
percentages; 

Figure 3 illustrates the relation between the quantity of tin added and the lapping ratio wherein the symbol 
indicates a Cu-Sn base sintered material; 
35 F/firwre 4 Illustrates the relations in the lapping time and the accumulated lapped quantity between the . 35 
Ni-25%Sn base sintered maferial of the present invention and the Cu-Sn base sintered material (Control) 
wherein the solid line indicates thesintered material of the present invention and the das-dot line indicates 
the control sintered material; 
/=7sr£//» 5 illustrates the relation between the quantity of phosphorus added to the Ni-diamond-0.1%S base 
40 sintered material and the lapping ratio thereof. 40 

Example 1 

To a mean particle size 3|.i - 4|.i carbonyl nickel powder was added 1 wt.% of 1 0 - 20|i artificial diamond 
powder, followed by the addition of -250 mesh tin in the varied quantities of from 0 to 7-wt.% to obtain . 

45 mixtures respectively. To these mixtures was further added 0.5 wt.% of zinc stearate. The resulting mixtures 45 
were press moulded using a metal mould into <t)10 x H3 tabletrlike compacts with a compact density of about 
6 g/cc. These compacts were sintered In a mixed gas of H2 and N2 at 840^ for 45 minutes to obtain sintered 
materiate. The resulting sintered materials were applied for lapping optical lenses with Mohs' hardness of 6 
to obtain the results as shown in Figure 1 , Figure 2, Figure 3 and Figure 4; 

50 It is noted from these results that in the case tin is not added to the nickel-diamond there is a tendency that 50 
the lapping loss of lens decreases as the number of lapped pieces increases, vyhile in the case of the sintered 
material according to the present invention the lapped quantities do not decrease and moreover the lapping 
ratio (abrasion loss of less/abrasion loss of sintered material ratio) remarkably increases. As shown in Figure 
4, the accumulated lapped quantities decreased with lapse of time in the control sintered material but 

55 progressed in a substantially linear manner in the sintered material of the present invention. 55 

Exam pie 2 

To a mean particle 3M - 4M carfaonyi nickel powder was added lwt.% of lOii - 20|a artificial diamond 
powder, followed by the addition of 0.1 wt.% of sulfur and red phosphorusin the varied quantities of from 0.5 ^ 
* 60 to 3wt.%. To these mixtures was further added 0:5wt.% of zinc stearate. The resulting mixtures were . . 60 
moulded according to the same procedure of Example 1 and sintered. The obtained sintered materials were, 
applied for lapping optical lenses with Mohs' hardness of 6 to obtain the lapping ratio. Consequently} the 
obtained result was as shown In Figure 5. 
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Example 3 

To the mixed powder in which the ratio of a mean particle size -250 mesh or less electrolytic nickel with a 
mean particle size 3ix-4n reduced cobalt powder had been regulated to be 3:7 were added 1wt.%of 15fx-25|x 
diamond powder, and further 0.5wt.% of red phosphorus and 0.3wt.% of sulfur. The resulting mixture, upon 
addition of a predetermined lubricating agent, was moulded according to the same procedure as Example 1 
and sintered. The obtained sintered material was applied for lapping the optical lens with Mohs' hardness of 
6 to compare the sintered material with the control copper-tin base sintered material in respect of mean 
lapped quantity and lapping ratio. The obtained results are shown in the following table. 
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Sintered material 
according to the 
present invention 



Mean lapped 
quantities (^i) 



204.1 



Lapping 
ratio 



2354.8 



30 



15 



20 



Copper-tin base 
diamond-metal 
composite sintered 
material 



139.1 



410.6 



20 



CLAIMS 

1. A metallurglcally bonded diamond-metal composite sintered material which comprises a nickel and/or 

25 cobalt base, an.intermetallic compound dispersed in the base and formed by the addition of the base before 25 
sintering of an element capable of forming the intermetallic compound with the base, and diamond powder. 

2. A material according to claim 1 in which the intermetallic compound is formed with an element 
selected from one or more of tin, antimony^zinc, phosphorus, sulfur, magnesium, titanium, molybdenum, 
selenium, germanium, Indium, tellurium, vanadium, niobium, tantalum, and boron. 

30 3. A material according to claim 2 in which the intermetallic compound is. formed by the addition of 5 to 30 
40% by weight of one or more of tin, antimony and zinc. 

4. A material according to claim 2 In which the Intermetallic compound is formed by the addition of 
phosphorus and/or sulfur in an amount of 0.2 to 3% by weight. 

5. A material according to any preceding claim in which the diamond powder is 1 micron to 40 micron in 

35 size and is present in an amount of 0.1 to 10% by weight 35 

6. A material according to claim 5 in which the amount of diamond powder is Q.I to 1% by weight. 

7. A material according to any preceding claim in which the diamond powder is coated with nickel, 
copper, cobalt or tin. 

8. A material according to any preceding claim comprising nickel base and an intermetallic compound 

40 dispersed in the nickel base formed by the addition of tin to the base before sintering. 40 

9. A material according to any preceding claim in which the nickel and/or cobalt bas9 had, before 
sintering, a particle size of 100 mesh or less. 

10. A material according to claim 1 substantially as herein described. 

11. A method of making a metallurglcally bonded diamond-metal composite sintered material which 

45 comprises mixing 0.1 to 10% by weight of 1 micron to 40 micron diamond powder with nickel and/or cobalt 45 
base powder having a particle size of 100 mesh or less and at least one element capable of forming an 
intermetallic compound with the base powder during sintering, press moulding the mixture and then 
sintering the mixture In a non-oxidising atmosphere at a temperature of 600 to BBO^'C for 15 minutes to 1 
hour. 



